and author sex, research degrees, and academic rank was also examined.
methods consultants and demographics
A list of neurosurgical departments in Great Britain and Ireland was obtained from the website of the Society of British Neurological Surgeons (SBNS). During January and February of 2014, each department was contacted by telephone for an up-to-date list of practicing consultant (attending) neurosurgeons. Consultant superspecialty, higher research degrees awarded (MD or PhD in addition to basic medical degree), and academic status were taken from departmental websites when this information was available and from a broader Internet search when the information was not available on the department site. Year of qualification was obtained from the UK General Medical Council List of Registered Medical Practitioners (http:// www.gmc-uk.org/doctors/register/LRMP.asp) and from the Irish Medical Council Register (http://www.medicalcouncil.ie/Public-Information/Check-the-Register/).
Superspecialties were grouped as functional/epilepsy, radiosurgery, vascular, neurooncology/skull base, pediatric, spine, general, or peripheral nerve. When more than one superspecialty was listed, only one was chosen according to a weighting system: pediatric > functional/ epilepsy, radiosurgery, peripheral nerve > vascular > neurooncology, general, spine. Thus, if a surgeon listed both peripheral nerve and spine surgery as specialties, he or she was coded as a peripheral nerve neurosurgeon. This system was chosen based on the number of specialists in each category: for example, far fewer neurosurgeons list peripheral nerve surgery as a specialty as compared with spinal surgery.
In Britain and Ireland the basic medical degree awarded is Bachelor of Medicine, Bachelor of Surgery (MBBS). A "higher research degree" is one that is awarded after a period of research that results in a thesis and is successfully defended during a viva voce examination. A 2-year period of research normally leads to an MD; a PhD is usually awarded after a minimum research period of 3 years.
bibliometrics
Scopus (www.scopus.com) was used to identify authors and to obtain h-indices. The Scopus "author search" function uses an algorithm to differentiate between authors with common names, although this sometimes requires some manual correction. The h-index can be determined by ranking an individual's papers according to the number of citations that those papers have received. The h-index is taken to be when an individual has at least h papers with ≥ h citations; that is, an individual with 6 papers that have 6 or more citations has an h-index of 6. Scopus provides an automated h-index for all papers after 1996, so the manual method mentioned above was used for all individuals with earlier papers. The m-quotient was also derived by dividing the h-index by the number of years since the publication of an author's first paper.
statistical analysis
Nonparametric tests were used to determine differences in h-indices and m-quotients between groups (MannWhitney U-test for author sex, rank, higher research degree, and year of first publication; Kruskal-Wallis test for superspecialty). Significance was set at p < 0.05. Values are expressed as the mean ± standard deviation or the median.
results
Data were analyzed for the 315 neurosurgeons (25 female) working in neurosurgical departments across Great Britain and Ireland, as listed by the SBNS website in January 2014. There was significant overlap in neurosurgical consultant staff in the following departments: 1) Queen Elizabeth Hospital Birmingham and the Birmingham Children's Hospital and 2) Beaumont Hospital in Dublin and the Temple Street Children's University Hospital in Ireland. One additional consultant had two affiliations and, for the purposes of this analysis, was listed as a member of the smaller department only. In addition, the neurosurgical department at the Royal Free Hospital recently closed, and consultant staff joined the Victor Horsley Department of Neurosurgery at the National Hospital for Neurology and Neurosurgery (NHNN), Queen Square, London. Combining these departments reduced the initial list of 37 departments to 34 for this analysis.
author sex, rank, and higher research degrees Professors had significantly higher h-indices (median 21.50 vs 6.00, p < 0.001) and m-quotients (0.71 vs 0.40, p < 0.001) than surgeons without this rank (Table 1) . Neurosurgeons who held an MD or PhD also had significantly higher h-indices (11.00 vs 5.00, p < 0.001) and m-quotients (0.57 vs 0.35, p < 0.001) than those without these degrees. There was no significant difference in h-index or m-quotient between the sexes (p > 0.05). Moreover, chi-square tests revealed no significant differences between the sexes in the possession of an MD and/or PhD. However, none of the 16 professors in neurosurgery were female. Professors were significantly more likely to hold a higher research degree than neurosurgeons without this title (81.3% vs 25.8%, p < 0.001, Fisher exact test).
superspecialty
There were significant differences in the h-index (p = 0.002, Kruskal-Wallis) and m-quotient (p = 0.018) across the neurosurgical superspecialties, with functional/epilepsy and radiosurgery scoring the highest for both variables (Table 2) . Neurosurgeons who specialized in one of these top two categories had significantly higher h-indices and m-quotients than those who did not practice in either category (median h-index 11.0 vs 6.0, median m-quotient 0.54 vs 0.38, p < 0.001, Mann-Whitney U-test).
department
Average departmental h-indices and m-quotients were computed, and each department was ranked according to mean h-index (Table 3 and 
discussion
Publication productivity in Great Britain and Ireland was higher for professors and those with an MD or PhD in addition to their basic medical degrees. A larger proportion of professors held an MD or PhD; one-quarter of the other neurosurgeons held one or the other of these degrees. Women account for 8% of neurosurgeons in Great Britain and Ireland. Although there was no significant difference in h-index or m-quotient between the sexes, none of the 16 professors in neurosurgery were female.
It is worth comparing the results presented here with those recently reported from the US. In the US, neurosurgeons with a PhD degree were significantly more likely to hold an academic appointment and to receive National Institutes of Health (NIH) funding. 3 Nearly 20% of neurosurgery graduates and residents in high-ranking (by hindex) departments in the US held PhDs in addition to a baseline medical degree, a proportion that has been gradu- ally increasing over time. 4 Multiple studies have shown a positive relationship between rank and h-index; 1, 11, [13] [14] [15] 19 to our knowledge this is the first study to examine whether possessing a higher research degree is related to the publication productivity of neurosurgeons. A North American study discussed a "PhD effect" within neurosurgical departments, 17 but it included papers by non-neurosurgical research staff and clinical affiliates within the departmental output and did not directly compare the h-indices of neurosurgeons with and without PhDs.
The median British h-index (6.0) is lower than the data published about the US (11.0). 14 There are a number of possible explanations for this disparity. Data in the US study were collected from neurosurgical services with a neurosurgery resident training program-and thus included practices dedicated to training and academia with the exclusion of those dedicated primarily to the provision of service-whereas all neurosurgical centers in Britain and Ireland were included in the present study. Moreover, the number of neurosurgeons in the UK is one of the lowest per capita in the developed world, with 1 fully trained neurosurgeon per 254,063 people compared with 1 per 85,542 people in the US (2008 data). 4, 18 The pressure of clinical work in Britain and Ireland is likely to have a negative impact on collective academic output. Disparity in funding opportunities will affect neurosurgical academic productivity. Unfortunately, systematic data on research funding awarded to British and Irish neurosurgeons are not readily available. However, health care and health care research funding comparisons between the UK and the US are expedient indicators. In 2010, the total health care expenditure per capita was $8233 in the US and $3433 in the UK. 23 Similarly, while the amount invested in medical research by the US NIH in 2013 was around $30.1 billion, 6 investment over the same period by the equivalent body in the UK, the National Institute for Health Research (NIHR), was around $1.6 billion.
16 Clearly, US neurosurgeons enjoy substantially greater financial opportunities. Indeed, the academic productivity of neurosurgeons in Britain and Ireland is likely to represent very good value for the money.
Similar proportions of female neurosurgeons work in Britain and Ireland, and the US (8% vs 7%).
14 Although there were no significant differences in academic output between the sexes in Britain and Ireland, a significant difference is seen in neurosurgical h-indices between the sexes in the US.
14 This difference was lost after correction for academic rank, implying that there are more male than female professors of neurosurgery in the US. None of the professors of neurosurgery in Britain or Ireland are female. Despite the pioneering work of a number of females in neurosurgery, 9 women remain underrepresented in clinical and academic neurosurgery, both in the British Isles and in the US. 14, 20, 22 Neurosurgery in general, and academic neurosurgery in particular, requires an exceptional skill set. It must attract highly gifted, compassionate, and capable individuals. Clearly, active measures are required to inspire and support doctors of both sexes to consider a career in clinical and academic neurosurgery. The relative lack of women in neurosurgery has been attributed to a number of factors, including preconceptions about the role, lack of female role models, role strain, lack of academic advancement, discrimination, and harassment. 2, 20, 22 Numerous strategies have been proposed to boost the proportion of female neurosurgeons in clinical and academic practice. Mentoring is important in the development of any career and has been shown to increase job-related well-being, self-esteem, and self-efficacy. 6 Diana Beck , widely recognized as the world's first female neurosurgeon, was mentored by Sir Hugh Cairns in Oxford, England. 8, 20 The group "Women in Neurosurgery" has developed a mentoring program for female neurosurgeons in the US. 3 A similar initiative should be considered in Britain and Ireland. Neurosurgical research in Britain and Ireland would also benefit from a centralized register that summarizes ongoing neurosurgical research projects and grants awarded to neurosurgeons and/or neurosurgical departments. Such an overview of neurosurgical research would prevent duplication of work by different departments and may foster collaboration between departments with similar interests. Moreover, it would highlight areas of weakness in neurosurgical research that might benefit from targeted funding and would provide aspiring neurosurgical trainees with a comprehensive list of research opportunities across the region.
The h-index is widely acknowledged to favor senior researchers, as they have had more time to publish and for their publications to be cited. 13 The m-quotient tends to correct for this bias by taking into account the number of years since first publication. While there was a significant difference in the h-index between the sexes in the US, there was no significant sex difference in Britain and no difference between m-quotients in either location.
14 This, together with our finding of a significantly later date of first publication for female neurosurgeons in Britain and Ireland, may suggest that a historical sex bias in the h-index is decreasing over time.
Any work of this nature will have limitations. Consultants in locum posts were not included, and it is assumed that individual departments provided a comprehensive list of current staff when contacted. Most neurosurgeons in Britain and Ireland practice in more than one superspecialty. The data presented in Table 2 do not take this into account, and the weighting system used to assign superspecialties is biased toward pediatric, functional, epilepsy, radiosurgery, and peripheral nerve surgery over vascular, neurooncology, general neurosurgery, and spine. Nevertheless, despite these and other possible shortcomings, the presented data provide a "snapshot" of academic productivity across neurosurgical departments in Britain and Ireland. Individual neurosurgeons may now gauge their own productivity with that of their peers, both within their department and across departments. Comparison between departments and countries may also encourage healthy competition within neurosurgical academia.
We used Scopus to calculate the h-index, as it is thought to provide more accurate results for individual analysis. Comparing indices obtained with other calculation tools may not be appropriate; for example, Google Scholar may overestimate the h-index as it also includes conference proceedings, white papers, and books. 14 The h-index itself has a number of limitations. Hirsch acknowledges that a single number can only provide a rough approximation of the multifaceted profile, although it does provide a useful, objective yardstick.
10 Ranking departments by the sum of individual h-indices favors departments with more faculty members. Although it is a good marker of overall departmental impact, it may not necessarily be an accurate marker of the academic quality of staff. Conversely, the mean h-index may be misleading when dealing with nonparametric data and can also be unduly influenced by the presence of one or two outstanding individuals. Therefore, the median h-index is a more relevant statistic. Marital change in surname affecting citation accuracy may lead to a possible bias against women in bibliometrics. This factor was identified and corrected for in this study but may be missed in studies with larger sample sizes.
conclusions
Bibliometric indices are useful when comparing academic neurosurgeons and departments but should be interpreted with caution. The h-index is the most widely used metric of academic productivity and is useful when comparing studies and assessing the overall academic impact of an individual. However, the m-quotient may be a better marker of current productivity, as it reduces the bias toward older and established researchers. Such studies create a benchmark for individual academic neurosurgeons and allow comparisons between countries for which differences in clinical and academic infrastructure may have an impact on academic productivity. Women remain underrepresented in both clinical and academic neurosurgery in Great Britain and Ireland. A dedicated mentoring program may reduce this sex disparity.
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